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(54) Automatic stop-restart system of automotive internal combustion engine 



(57) In an automatic stop- restart system of an auto- 
motive internal combustion engine mated to an auto- 
matic transmission which uses either one of a torque 
converter and a start-up clutch for engine torque trans- 
mission to axle shafts of driven wheels of an automotive 
vehicle, a motor generator is disposed between the 
engine and the automatic transmission. The motor gen- 
erator is capable of operating in a power-running mode 
to automatically restart the engine by a motoring torque 
produced by its motoring operation during the start-up 
period and operating in a regenerative mode for energy 
regeneration. A control unit of the system has a first 



control section performing a rotational speed control for 
the motor generator by setting a desired rotational 
speed at a predetermined idle speed so that the engine 
speed is brought closer to the desired speed during an 
automatic engine-restart operating mode. The control 
unit has a second control section setting a regenerative 
torque limiter which limits a regenerative torque of the 
motor generator to a controllable specified torque level, 
while executing the rotational speed control when the 
accelerator pedal is depressed during the automatic 
engine-restart operating mode. 
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Description 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

[0001] The present invention relates to a system for automatically stopping and restarting an internal combustion 
engine for an automotive vehicle, and particularly to an automatic stop-restart system of an automotive internal com- 
bustion engine in which the engine is automatically stopped when the vehicle is in its stopped state, and automatically 
w restarted from the vehicle stand-still state. 

Description of the Prior Art 

[0002] In recent years, there have been proposed and developed various automatic stop-restart systems. One such 
15 automatic stop-restart system has been disclosed in Japanese Patent Provisional Publication No. 8-291725. The con- 
ventional automatic stop-restart device disclosed in the Japanese Patent Provisional Publication No. 8-291725, uses 
various engine/vehicle sensor signals from a selector-lever position sensor, a vehicle speed sensor, an engine speed 
sensor, a brake switch, and the like, to temporarily automatically stop an internal combustion engine under a specified 
condition where the selector lever of an automatic transmission is kept in its neutral position (N range), the vehicle 
20 speed is zero, the engine speed is an idle speed, and the brake pedal is depressed. In the automatic engine-stop state, 
when the automatic stop-restart device detects that the selector lever is shifted from the N range to a D gear range, the 
vehicle speed is held at zero, the engine speed is held at zero, and the brake pedal is undepressed, the device electri- 
cally holds the automatic transmission neutral (N position), and then restarts the engine. Thereafter, as soon as the 
engine speed reaches a predetermined idle speed, the device operates to release the holding state of the automatic 
25 transmission, to re-start the vehicle. 

SUMMARY OF THE INVENTION 

[0003] Electrically holding the automatic transmission at the N position and then restarting the engine causes a 

30 time delay in occurrence of a creep force in an automotive internal combustion engine mated to an automatic transmis- 
sion which uses a torque converter. This results in uncomfortable feeling when re-starting the vehicle from the standstill 
position. Also, when the engine speed is rising up after restarting the engine, the N-range holding state of the automatic 
transmission is rapidly released, a large driving force (or a large driving torque) will be transmitted via the torque con- 
verter to road wheels. There is a possibility of undesirable power-train shock, particularly, when an accelerator pedal is 

35 depressed almost simultaneously with the releasing action of the brakes. To avoid the delay in development of the creep 
force and power-train shock, a motor generator is useful as an automatic starter for the engine. There is another prob- 
lem during early stages of the automatic engine restarting operation. That is, just after the engine is restarted, there is 
less development of a negative pressure (boost) in the intake pipe of the induction system, and thus a quantity of intake 
air drawn into engine cylinders is large. This results in an increased engine torque (an increased engine's output). 

40 Under such a condition, if the accelerator pedal is depressed almost simultaneously with the releasing action of the 
brake pedal, excessively high engine torque may be transferred to drive wheels. For instance, when the accelerator is 
depressed in the engine-idle state, a negative pressure (boost) in the intake pipe has developed adequately. In this 
case, a desired engine output torque may be produced. Conversely, when the engine is automatically restarted from a 
particular condition where the engine is in the stopped state, (that is, after completion of a so-called "idle-stop" opera- 

45 tion), and also the accelerator pedal is depressed at once simultaneously with the releasing action of the brakes, the 
negative pressure (boost) in the intake pipe remains held at an atmospheric pressure level. This may produce an exces- 
sively high engine torque near at an engine idle speed when fuel is injected. There is a remarkable difference between 
an accelerating force obtained during the engine start-up period from the idling state, and an accelerating force 
obtained during the engine start-up period from the engine automatically-stopped state. To avoid this, it is desirable to 

so switch or control the operating mode of the motor generator to an engine-torque absorption mode (a regenerative mode 
or an electric-power generation mode for recharging the battery) in synchronization with occurrence of engine torque 
(or an engine combustion torque created by burning of air-fuel mixture in a combustion chamber of the engine), when 
the engine is automatically restarted from the automatically-stopped state. However, complete explosion in the engine 
does not always occur after the fuel-injection operation is initiated during the engine start-up period. Assuming that the 

55 complete explosion does not occur in the engine just after the fuel-injection operation, an undesirable drop in engine 
speed may arise from shifting to the regenerative mode of the motor/generator. An unsatisfactory motor/generator 
regenerative -torque control may result in excessive engine-torque absorbing action. In such a case, a driver's required 
accelerating force cannot be obtained. Maybe, a certain sort of batteries such as a lead-acid battery, cannot absorb 
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such excessive engine torque satisfactorily, and thus there may be a rapid rise in battery voltage. This reduces the life 
of the battery. To avoid this, it is possible to reduce the number of cycles of "idle-stop" operations to a minimum. Reduc- 
ing the number of cycles of the "idle-stop" operations is not preferable from the viewpoint of reduced fuel consumption. 
The other way to avoid excessive engine torque is an ignition timing retardation or an air/fuel mixture ratio (A/F) feed- 
5 back control to lean. In this case, there is a problem of unstable combustion. 

[0004] Accordingly, it is an object of the invention to provide an automatic stop-restart system for an internal com- 
bustion engine, which avoids the aforementioned disadvantages. 

[0005] In order to accomplish the aforementioned and other objects of the present invention, an automatic stop- 
restart system of an automotive internal combustion engine mated to an automatic transmission which uses either one 

10 of a torque converter and a start-up clutch for engine torque transmission to axle shafts of driven wheels of an automo- 
tive vehicle, the system capable of automatically stopping the engine when the vehicle is in a stopped state, and auto- 
matically restarting the engine in a torque-transmission state that an engine torque is transmitted to the axle shafts of 
the driven wheels during a start-up period of the vehicle, comprises a motor generator disposed between the engine 
and the automatic transmission, and capable of operating in a power-running mode to automatically restart the engine 

15 by a motoring torque produced by a motoring operation of the motor generator during the start-up period and operating 
in a regenerative mode for energy regeneration, a sensor sensing a rotational speed of the engine, a sensor sensing 
an amount of depression of an accelerator pedal, and a control unit comprising a first control section performing a rota- 
tional speed control for the motor generator by setting a desired rotational speed at a predetermined idle speed so that 
the rotational speed of the engine is brought closer to the desired rotational speed during an automatic engine-restart 

20 operating mode, and a second control section setting a regenerative torque limiter which limits a regenerative torque of 
the motor generator to a controllable specified torque level, while executing the rotational speed control for the motor 
generator when the accelerator pedal is depressed during the automatic engine-restart operating mode. 
[0006] It is preferable that the control unit may comprise a delay section which retards an engine's output control 
operation of the engine output control device with respect to such a timing that the accelerator pedal is depressed, dur- 

25 ing the automatic engine-restart operating mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] 

30 

Fig. 1 is a system schematic of one embodiment of an automatic stop-restart system of the invention. 
Fig. 2 is a system diagram illustrating a system configuration of an integrated engine control system. 
Figs. 3A and 3B show an automatic stop-restart control routine executed by the system of the embodiment. 
Fig. 4 is a flow chart illustrating a regenerative torque limiter control routine executed in parallel with the automatic 
35 stop-restart control routine of Figs. 3A and 3B. 

Fig. 5 is a characteristic diagram of an initial value of the regenerative torque limiter. 

Fig. 6 is a characteristic map of the regenerative torque limiter, showing the relationship among the initial value 
TRQLMTST of the regenerative torque limiter, the motoring time TISTPOF, and the engine stop time TISTPON. 
Fig. 7 is a characteristic diagram, showing variations in excess-air quantity and variations in a required torque to be 
40 absorbed by the motor generator (obtained when depressing the accelerator pedal just after motoring), and varia- 
tions in excess-air quantity and variations in a required torque to be absorbed by the motor generator (obtained 
when depressing the accelerator pedal after 0.8 second of motoring). 

Fig. 8 is a timing chart showing subtraction from and addition to the initial value (TRQLMTST) of the regenerative 
torque limiter. 

45 Figs. 9A - 9C are timing charts obtained when the engine 1 is restarted, while keeping the accelerator pedal in its 

undepressed state. 

Figs. 1 0A - 1 0C are timing charts obtained when the automatic engine-restart operating mode is initiated and soon 
the accelerator pedal is depressed. 

Fig. 11 is a regenerative torque limiter initial value (TRQLMTST) setting routine executed by an automatic stop- 
so restart system of a second embodiment. 

Fig. 12 is a regenerative torque limiter initial value (TRQLMTST) setting routine executed by an automatic stop- 
restart system of a third embodiment. 

Fig. 1 3 is a timing chart of the regenerative torque limiter, related to the second (Fig. 1 1 ) and third (Fig. 1 2) embod- 
iments. 

55 Fig. 14 is a regenerative torque limiter initial value (TRQLMTST) setting routine executed by an automatic stop- 

restart system of a fourth embodiment. 

Fig. 1 5 is a timing chart of the regenerative torque limiter, related to the fourth embodiment (Fig. 1 4). 
Fig. 1 6 is a flow chart illustrating a delayed throttle-opening control routine. 
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Fig. 17 is a characteristic map showing the relationship among the accelerator opening, the regenerative-torque- 
limiter initial value, and the delay time. 

Figs. 18A, 18B, and 18C are timing charts obtained when the delayed throttle-opening control is initiated at the 
same time depression of the accelerator pedal during the automatic engine-restart operating mode. 

5 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0008] Referring now to the drawings, particularly to Fig. 1, the automatic stop-restart system of the invention is 
exemplified in an automotive internal combustion engine mated via an electric motor generator to a continuously varia- 

w ble automatic transmission, which uses a torque converter. As seen in Fig. 1 , an electric motor generator 2 is disposed 
between the engine 1 and the continuously variable automatic transmission assembly 3. The motor generator 2 is 
mechanically coupled directly to the engine crankshaft of the engine 1 for rotation synchronously with the engine crank- 
shaft. The continuously variable automatic transmission assembly 3 is constructed by the torque converter 4, a forward- 
reverse switching clutch 5, and a belt-drive-type continuously variable transmission (often abbreviated to a "CVT") 6. A 

15 driving torque of the engine 1 is transmitted through the motor generator 2 and the continuously variable automatic 
transmission assembly 3 via a drive shaft 7 to a tire 8 (or a road wheel). In the shown embodiment, although the motor 
generator 2 is mechanically connected directly to the engine crankshaft, in lieu thereof the motor generator 2 may be 
connected through a drive belt or a drive chain to the engine crankshaft. In place of the continuously variable automatic 
transmission, a typical automatic transmission system in which the speed ratio of driving to driven elements is variable 

20 in a stepwise manner over a required working range, may be used. Furthermore, instead of the use of the torque con- 
verter 4, the CVT 6 may use a magnetic start-up clutch for engine torque transmission (engine's output transmission) 
to axle shafts of driven wheels of the automotive vehicle during the engine restart period. The motor generator 2 having 
a driving-connection with and having a driven-connection with an electric-power control unit 12 (including an inverter), 
for regenerating electricity which is stored in a car battery 13 during vehicle deceleration (during braking) or during 

25 downhill driving, and for supplying electricity from the battery 13 via the electric-power control unit 12 (an inverter) to 
the motor generator 2 during vehicle start-up period from the standstill state or during uphill driving. A rotational speed 
sensor 9, such as a crankshaft position sensor, is located near the engine crankshaft end, for detecting a motor-gener- 
ator speed of the motor generator 2 (an engine speed of the engine 1), and for detecting a crank angle of the engine 
crankshaft (a relative position or angular phase of the crankshaft). A brake sensor 11 is provided for detecting an 

30 amount of depression of a brake pedal 1 6, while an accelerator sensor (an accelerator position sensor) 15 is provided 
for detecting an amount of depression (an accelerator opening) of an accelerator pedal 17 (see Fig. 2). A start-up con- 
trol unit 1 0 receives signals from the above engine/vehicle sensors 9, 1 1 and 15. Although it is not clearly shown in Fig. 
1, the start-up control unit 10 is electrically connected to an electronic engine control unit (ECU) 20 via an electronic 
control line (not shown), to output a command signal regarding both a desired torque and a desired rotational speed to 

35 the electric-power control unit 12 for controlling the motor generator 2. Usually, the start-up control unit 10 is incorpo- 
rated in the engine control unit 20. Alternatively, the start-up control unit 10 may be incorporated in an integrated con- 
troller (not shown) capable of integrally controlling a power train system of the vehicle. Referring to Fig. 2, there is 
shown the system layout of the integrated engine control system. As shown in Fig. 2, the input interface of the engine 
control unit 20 receives signals from an engine temperature sensor 21 , a selector lever position sensor 22, and a vehicle 

40 speed sensor 23, in addition to signals from the rotational speed sensor 9, the brake sensor 1 1 and the accelerator sen- 
sor 15. The engine speed sensor 21 is provided to detect an engine operating temperature (engine temperature). Gen- 
erally, a water temperature sensor in which an actual engine operating temperature such as an engine coolant 
temperature is detected or sensed, is used as the engine temperature sensor 21 . The selector lever position sensor 22 
is provided for detecting a selector-lever position of the automatic transmission assembly 3. The vehicle speed sensor 

45 23 is provided for detecting a vehicle speed. The engine control unit 20 performs an automatic engine-stop control as 
well as an automatic engine-restart control, based on the above engine/vehicle sensor signals. The input interface of 
the ECU 20 also receives a signal from an air flow meter 24 and a signal from a throttle position sensor (not numbered) 
located near an electronically-controlled throttle valve 27 whose opening is arbitrarily controlled depending on the 
degree of depression of the accelerator pedal 17. The ECU 20 arithmetically calculates an amount of fuel injected 

so depending upon a quantity of intake air measured by the air flow meter 24, and also calculates an ignition timing suita- 
ble for the more recent engine speed and engine load data which are constantly monitored by input information regard- 
ing engine speed and angular phase (crank angle) sensed by the rotational speed sensor 9. In order to deliver or inject 
a calculated amount of fuel into the each engine cylinder, an individual fuel injector 25 which is provided at an intake 
port of each engine cylinder, is driven or energized. A spark timing of a spark plug 26 of each engine cylinder is elec- 

55 tronically controlled to match the ignition timing calculated. As discussed above, in the shown embodiment, a so-called 
"multi-port fuel injection (MPI) system" is used. As will be fully described later, the fundamental concept of the automatic 
stop-restart system of the invention can be applied to a so-called direct-injection internal combustion engine in which 
fuel is injected directly into a combustion chamber. The electronically-controlled throttle 27 is located in the induction 
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system, for controlling the quantity of intake air drawn into the engine 1 in response to a command signal indicative of 
a desired engine torque (or a desired engine's output). The command signal is generated by the above-mentioned inte- 
grated controller. As seen in Fig. 2, the system of the embodiment is exemplified in a spark-ignited engine, the system 
of the invention can be applied to a diesel engine. In case of diesel engines, instead of an intake-air quantity (regarded 
5 as engine load on gasoline engines), a fuel-injection amount is used to properly adjust or control engine output torque. 
[0009] Referring now to Figs. 3A and 3B, there is shown the automatic stop-restart control routine for the engine 1 , 
executed by the system of the embodiment. 

[0010] At step 1, a check is made to determine whether the engine warm-up operation terminates. At step 2, a 
check is made to determine whether the brake pedal 1 6 is depressed. At step 3, a comparison check is made to deter- 

10 mine whether the vehicle speed is less than a predetermined low speed. By way of step 3, the ECU determines that the 
vehicle speed is held almost at zero. At step 4, a check is made to determine whether the accelerator pedal 1 7 is unde- 
pressed. At step 5, a comparison check is made to determine whether the engine speed is below a predetermined idle 
speed such as 800 rpm. At step 6, a check is made to determine whether all of the conditions of steps 1 - 5 are satisfied 
at the first cycle of the automatic stop-restart control routine. Concretely the check is based on a flag FCOND. If the 

15 flag FCOND is reset to "0", the ECU determines that this cycle is the first time that all of the conditions of steps 1 - 5 
has been satisfied. When the answer to step 6 is in the affirmative (YES), step 7 occurs. At step 7, an engine-stop-mode 
delay timer, through which entry into an automatic engine-stop mode is timed, is set to a predetermined delay time, and 
additionally the flag FCOND is set at "1 ". At step 8, a check is made to determine whether the selector lever is kept in 
its reverse position (R range). When the selector lever is moved out of the R range, the routine proceeds via steps 9 , 

20 10 and 1 1 to a series of automatic engine-stop procedures, that is, steps 12-17. When the selector-lever position is 
kept in the R range and the engine 1 has already been stopped, the routine proceeds from step 8 through steps 29 - 32 
to step 22, without executing the automatic engine-stop operation. After the flow from step 8 through steps 29 - 31 to 
step 32, step 22 (which will be fully described later) occurs so as to initiate an automatic engine-restart mode. At step 
8, when the ECU determines that the selector lever is kept in the drive position (D range), or in the neutral position (N 

25 range), or in the parking position (P range), the flag FRFST is reset to "0" at step 9. The condition of FRFST = 0 means 
that the selector lever is not kept in the R range. Thereafter, at step 1 0, a test is made to determine whether the engine 
1 is in the stopped state. When the answer to step 10 is negative (NO), step 1 1 occurs. Conversely, when the answer 
to step 1 0 is affirmative (YES), step 21 occurs. At step 21 , a test is made to determine whether an idle-stop permissible 
time of an l/S timer set at step 16 (which will be fully described later) has elapsed. When the answer to step 21 is in the 

30 affirmative, the routine proceeds to step 22. When the answer to step 21 is in the negative, the routine proceeds to step 
20. At step 20, a flag FISTPFST (fully described later) is reset to "0". Returning to step 1 1 , a test is made to determine 
whether the predetermined delay time (see step 7) has expired. Only when the predetermined delay time has expired, 
a series of automatic engine-stop procedures, that is, steps 12 - 17 are executed, and thus the system enters the auto- 
matic engine-stop mode. The engine 1 enters a temporary engine-stop mode at which mode the engine 1 is temporarily 

35 stopped. At step 13, a motor torque of the motor generator 2 is set at "0". The motor torque of the motor generator 2 
corresponds to a motoring torque (a positive torque) when the motor generator 2 is in the power-running state. Con- 
versely, when the motor generator 2 is in the regenerative state, the motor torque corresponds to a regenerative torque 
(a negative torque). At step 14, the fuel-injection operation of the engine 1 is inhibited. The inhibiting operation of fuel 
injection is generally made by way of a fuel-cutoff operation. Then, at step 15, a check is made to determine whether 

40 the flag FISTPFST is reset to "0". The condition of FISTPFST = 0 means that this automatic engine-stop sequence is 
the first time of the automatic engine stop-restart routine of Figs. 3A - 3B. When the first automatic engine-stop 
sequence is detected by the condition of FISTPFST = 0, the routine proceeds from step 15 to step 16. At step 16, the 
l/S timer for the idle-stop permissible time (l/S permissible time) is set to a predetermined value, and the flag FISTPFST 
is set at "1". Then, the routine proceeds from step 16 to step 17. At step 1 7, a flag FENGSTRT is reset to "0". The flag 

45 FENGSTRT = 1 means that the engine 1 is operative in the automatic engine-restart mode. As described above, when 
the vehicle is temporarily stopped, the engine 1 is also in its temporary stopped state through the entry into the auto- 
matic engine-stop mode. In the system of the embodiment (see the flow from step 8 through steps 9-11 to step 12 in 
Figs. 3A - 3B), the automatic engine-stop mode is initiated when the selector lever is kept in either the D, N, or P range. 
In lieu thereof, the automatic engine-stop operating mode may be executed only when the selector-lever position is the 

50 D range. On the other hand, under a particular condition where at least one of the conditions of steps 1 - 4 is unsatisfied, 
that is, the engine is in the automatically-stopped state, when the brake pedal 16 is released or when the accelerator 
pedal 17 is depressed, the routine proceeds to step 18. At step 18, the flag FCOND is cleared to "0". Then, step 19 
occurs. At step 1 9, a test is made to determine whether the engine is in the stopped state. During the automatic engine- 
stop mode, the routine flows from step 19 to step 22. From step 22, an automatic engine- restart operating mode is ini- 

55 tiated. At the automatic engine-restart operating mode executed at step 22, the output interface of the ECU generates 
a command signal representative of a desired motoring torque (corresponding to a rated torque (a maximum torque 
such as 90Nm) applied to the engine 1 by the motor generator 2 during the initial stage of the motoring operation) to 
the start-up control unit 10, and so that the motor generator 2 begins to drive according to its motor torque control. At 
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step 23, a check is made to determine whether or not the automatic engine-restart mode indicative flag FENGSTRT is 
reset to "0". If the flag FENGSTRT remains reset, the flag FENGSTRT is set at "1 " step 24. At the same time, via step 
24, a boost-development delay timer for a developmental time for negative pressure (boost) in the air-intake pipe, is set 
to a predetermined delay time. The delay time (corresponding to the developmental time for negative pressure (boost)) 

5 is defined as a time interval from a time when the motoring operation for the engine 1 is initiated to a time when the 
negative pressure (boost) develops and then rises up to a predetermined negative pressure level, such as -500 mmHg, 
under a particular condition where the accelerator pedal remains undepressed. The term "motoring operation" or 
"motoring mode" means that the engine 1 is rotated or cranked by a motoring torque applied to the engine by means of 
the motor generator 2 being in the power-running state. Just after the motoring operation is initiated, the negative pres- 
to sure (boost) does not yet develop and the internal pressure in the air-intake pipe is almost equal to an atmospheric 
pressure level. At step 25, a check is made to determine whether the accelerator pedal 17 is undepressed. During the 
engine start-up period with the accelerator pedal undepressed, the routine proceeds from step 25 to step 26. At step 
26, a desired rotational speed (a desired engine speed) to be attained by way of the motor generator 2 is set at the pre- 
determined idle speed such as 800 rpm. After step 26, the motor generator 2 is operated according to a motor/gener- 

75 ator rotational speed control. At step 27, a check is made to determine whether the predetermined delay time (the 
predetermined boost-development time) has expired. When the answer to step 27 is affirmative (YES), that is, when the 
predetermined boost-development delay time has expired, the routine proceeds from step 27 to step 28. At step 28, the 
fuel-injection operation is initiated. Returning to step 8, when the answer to step 8 is in the affirmative (YES), that is, the 
selector-lever position is the R range, the routine proceeds to step 29. At step 29, a test is made to determine whether 

20 the engine 1 is in the stopped state. When the answer to step 29 is negative, the program is returned. When the answer 
to step 29 is affirmative, step 30 occurs. At step 30, a check is made to determine whether the R-range indicative flag 
FRFST is reset to "0". In case of FRFST = 1, the routine proceeds from step 30 to step 32. Conversely, in case of 
FRFST = 0, the routine proceeds to step 31 . At step 31 , an automatic engine- restart mode delay timer for entry into step 
22 (the automatic engine-restart operating mode) is set to a predetermined value, and simultaneously the R-range 

25 indicative flag FRFST is set at "1 ". At step 32, a check is made to determine whether the predetermined delay time for 
entry into the automatic engine-restart operating mode has expired. When the answer to step 32 is affirmative (YES), 
the routine flows from step 32 to step 22 (the automatic engine-restart operating mode). After the fuel-injection opera- 
tion is initiated through step 28, the control routine of Figs. 3A - 3B is repeatedly executed. At the subsequent cycle, if 
the depressed state of the accelerator pedal 1 7 is detected by step 25, the routine proceeds from step 25 to step 33, to 

30 terminate the automatic engine-restart operating mode. At step 33, a test is made to determine whether complete 
explosion occurs in the engine 1. A predetermined condition for determining that complete explosion occurs in the 
engine 1 will be hereinafter referred to as a "complete-explosion condition". In other words, at step 33, a complete- 
explosion decision is made. Regarding the complete-explosion condition, see step 1 04 of Fig. 4 (described later). When 
the predetermined complete-explosion condition is satisfied, step 35 occurs. At step 35, a motor-generator torque con- 

35 trol is executed by setting the motor torque of the motor generator 2 at "0". Then, the routine proceeds to step 36. At 
step 36, the ECU begins the fuel-injection operation. In contrast to the above, when the predetermined complete-explo- 
sion condition is unsatisfied, the routine flows from step 33 to step 34. In the same manner as step 26, at step 34 the 
motor- generator rotational speed control is initiated by setting the desired rotational speed (the desired engine speed) 
to be attained by the motor generator 2 to the predetermined idle speed. After step 34, the routine proceeds to step 36 

40 to begin a fuel-injection operation. When the ECU 20 determines that the previously-noted complete explosion occurs 
in the engine 1 , the system allows entry into the above motor-generator torque control (see the flow from step 33 to step 
35) that the motor torque of the motor generator 2 is set to "0", and additionally releases a regenerative torque limiter, 
whose limiting operation will be fully described later in reference to Figs. 4 - 8. In this manner, the ECU 20 terminates 
the automatic engine-restart control (the automatic engine-restart operating mode). When the engine is automatically 

45 restarted from the stopped state, a regenerative torque limiter control shown in Fig. 4 is also executed in parallel with 
the automatic engine-restart control, so as to automatically control or limit a regenerative torque of the motor generator 
2 (being in the regenerative state) to a controllable specified torque level. 

[0011] Referring now to Fig. 4, there is shown the regenerative torque limiter control (a setting routine of the regen- 
erative torque limiter) according to which a regenerative torque of the motor generator 2 is properly limited to a control- 
so lable specified torque level. At step 1 01 , a check is made to determine whether or not an engine cylinder that spark plug 
firing is initiated at the next ignition timing will be burned. The check of step 1 01 is based on a flag FCYLBRN. The flag 
FCYLBRN is used to estimate whether an engine cylinder that spark plug firing is initiated at the next ignition timing will 
be brought into a combustion stroke. As discussed later, the setting of the flag FCYLBRN is based on both a flag 
CYLCS and a flag FHINJEX(CYLCS) shown in step 109. When the ECU determines that an engine cylinder that spark 
55 plug firing is initiated at the next ignition timing will be brought into a combustion stroke, the flag FCYLBRN is set at "1 " 
(see step 102). Conversely, when the ECU determines that an engine cylinder that spark plug firing is initiated at the 
next ignition timing will not be brought into a combustion stroke, the flag FCYLBRN remains reset to "0". Until the flag 
FCYLBRN is set, the flow from step 1 01 to step 1 09 is repeated. At step 1 09, a test is made to determine whether fuel 
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is injected into an engine cylinder that spark plug firing will be initiated at the next ignition timing. The flag CYLCS is 
determined depending on the current crank-angle position (the current angular phase of the engine crankshaft) corre- 
sponding to information regarding which engine cylinder is in a compression stroke at the current cycle of the regener- 
ative torque limiter control routine of Fig. 4. That is, the flag CYLCS is provided to specify the cylinder number of the 

5 engine cylinder being in the compression stroke at the current cycle (and at the current crank angle position). As per 
the flag FHINJEX(CYLCS), the state of FHINJEX(CYLCS) = 1 means that fuel has already been injected into the 
engine cylinder that spark plug firing will be initiated at the next ignition timing. When the answer to step 1 09 is negative 
(NO), that is, the ECU determines that fuel is not injected into the engine cylinder that spark plug firing will be initiated 
at the next ignition timing, step 1 1 0 occurs. At step 1 1 0, a delay timer is set to a predetermined delay time TFCBNDEC 

10 (see TFCBNDEC = TIMEFCBN#). At step 111, arithmetic-calculation for the initial value TRQLMTST (regenerative 
torque limiting value) for the regenerative torque limiter incorporated in the system of the embodiment is repeatedly exe- 
cuted as time-triggered interrupt routines to be triggered every predetermined intervals such as 10 milliseconds. When 
the condition of FCYLBRN = 1 is satisfied at step 1 01 or when the answer to step 109 is in the affirmative (YES), step 
1 02 occurs. Actually when the fuel-injection operation is initiated and thus fuel injected into the engine cylinder, the flag 

75 FCYLBRN is set at "1" at step 102. At step 103, a test is made to determine whether the predetermined delay time 
TFCBNDEC has expired, that is, the reverse delay time TFCBNDEC reaches "0". In case of TFCBNDEC * 0, step 112 
occurs. In the same manner as step 111, at step 11 2 the arithmetic-calculation for the initial value TRQLMTST for the 
regenerative torque limiter is repeatedly executed as time-triggered interrupt routines to be triggered every predeter- 
mined intervals such as 1 0 milliseconds. Then, at step 1 1 3, subtraction operation for the reverse delay timer is executed 

20 by decrementing the previous value TFCBNDEC (rv1) of the delay time TFCBNDEC by "1 ". The initial value TRQLMTST 
of the regenerative torque limiter is obtained as a function of the engine stop time TISTPON (corresponding to a time 
period (elapsed time) counted from initiation of the fuel cutoff operation) and the motoring time TISTPOF (correspond- 
ing to a time period counted from initiation of the motoring operation of the motor generator 2). Fig. 5 shows the rela- 
tionship among the engine torque, the initial value TRQLMTST of the regenerative torque limiter, the engine stop time 

25 TISTPON, and the motoring time TISTPOF. On the other hand, Fig. 6 is an example of a predetermined or prepro- 
grammed characteristic map showing how the initial value TRQLMTST of the regenerative torque limiter has to be var- 
ied relative to the engine stop time TISTPON and the motoring time TISTPOF. Just after initiation of the motoring 
operation of the motor generator 2, there is almost no development of the negative pressure (boost). The internal, pres- 
sure in the intake pipe is close to atmospheric, and thus excess air can be drawn into the engine cylinders. As a result, 

30 a comparatively great engine torque is produced. As the motoring time TISTPOF, counted from initiation of the motoring 
operation of the motor generator 2 increases, the negative pressure (boost) in the induction system of the engine 1 
begins to develop gradually, and then there becomes less excess air. On the other hand, assuming that a time interval 
from a time when the engine is automatically stopped to a time when the engine is rotated or cranked by way of the 
motoring operation of the motor generator 2 is long, there is less negative pressure (boost) in the air-intake pipe, and 

35 thus the internal pressure in the induction system becomes almost equal to atmospheric. In contrast with this, assuming 
that the previously-noted time interval is short, there is some negative pressure (boost) left. For the reasons set out 
above, in setting the initial value TRQLMTST of the regenerative torque limiter shown in Figs. 5 and 6, the longer the 
time length of the engine stop time TISTPON and the shorter the time length of the motoring time TISTPOF, the greater 
the initial value TRQLMTST of the regenerative torque limiter. Conversely, the shorter the time length of the engine stop 

40 time TISTPON and the longer the time length of the motoring time TISTPOF, the smaller the initial value TRQLMTST 
of the regenerative torque limiter. 

[0012] Two solid lines shown in Fig. 7 respectively indicate variations in excess-air quantity and variations in a 
required torque to be absorbed by the motor generator 2, obtained when depressing the accelerator pedal almost 
simultaneously with initiation of the motoring operation, while two broken lines shown in Fig. 7 respectively indicate var- 

45 iations in excess-air quantity and variations in a required torque to be absorbed by the motor generator 2, obtained 
when depressing the accelerator pedal after 0.8 second of initiation of the motoring operation. Actually, Fig. 7 shows 
test results obtained on the assumption that the internal pressure in the intake pipe is an atmospheric pressure level. 
As appreciated from the two solid lines shown in Fig. 7, when the accelerator pedal 1 7 is depressed almost simultane- 
ously with initiation of the motoring operation, a great amount of excess air remains in the air-intake pipe, and thus a 

so comparatively great amount of engine torque has to be absorbed by the motor generator 2 for energy regeneration or 
engine-torque regeneration. With the lapse of time, a quantity of excess air reduces gradually. There is no need for 
engine-torque absorbent (energy regeneration) after 0.7 second (whose time elapsed is dependent on engine load) 
from initiation of the motoring operation of the motor generator 2. As appreciated from the two broken lines shown in 
Fig. 7, when the accelerator pedal 17 is depressed after 0.8 second of initiation of the motoring operation, less excess 

55 air remains in the air-intake pipe, and thus a required torque value of regenerative torque to be absorbed by the motor 
generator 2 is excessively low. In the system of the shown embodiment (see Figs. 5 and 6), although the initial value 
TRQLMTST of the regenerative torque limiter is obtained as a function of both the engine stop time TISTPON (the time 
period (elapsed time) counted from initiation of the fuel cutoff operation) and the motoring time TISTPOF (the time 
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period counted from initiation of the motoring operation of the motor generator 2). Alternatively, the initial value 
TRQLMTST of the regenerative torque limiter may be obtained as a function of only the motoring time TISTPOF (the 
time period counted from initiation of the motoring operation). Returning to Fig. 4, at step 103, a test is made to deter- 
mine whether the predetermined time delay (TFCBNDEC) of the delay timer set at step 110 has expired. When the 

5 answer to step 103 is affirmative, step 104 occurs. The predetermined delay time TFCBNDEC is set to a delay time 
period from initiation of a compression stroke of an engine cylinder which will come into the compression stroke at the 
subsequent cycle to an ignition timing of the same cylinder. Thus, the routine proceeds from step 1 03 to step 1 04 when 
torque (which will be hereinafter referred to as an "engine combustion torque") created by burning of air-fuel mixture in 
the combustion chamber of the engine 1 begins to develop just after expiration of the time delay (TIMEFCBN) indicated 

io by the delay timer. It is preferable to set the predetermined delay time TFCBNDEC at a time period somewhat longer 
than the delay time period from initiation of a compression stroke of an engine cylinder which will come into the com- 
pression stroke at the subsequent cycle to an ignition timing of the same cylinder, accounting for a peak point of com- 
bustion. In this case, the subtraction operation of step 106 (which will be fully described later) for the initial value of 
regenerative torque limiter starts with a delay time from the time when the engine 1 begins to produce engine combus- 

15 tion torque. At step 1 04, a test is made to determine whether or not a regenerative torque of the motor generator 2 is 
below a predetermined low value, such as "0" or a predetermined value close to "0", for a predetermined time period. 
When the answer to step 1 04 is negative (NO), the routine flows from step 1 04 via step 1 05 to step 1 06. At step 1 05, a 
check is made to determine whether or not a complete-explosion indicative flag fKANBAKU is set. At step 1 06, a sub- 
traction operation for the initial value TRQLMTST of the regenerative torque limiter begins. The subtraction operation 

20 for the initial value TRQLMTST of the regenerative torque limiter is repeatedly executed as time-triggered interrupt rou- 
tines to be triggered every predetermined time intervals such as 10 milliseconds. The subtraction operation is executed 
by subtracting a predetermined value DTTRQLMT from the previous value TRQLMTST( n .-|) of the initial value of the 
regenerative torque limiter, until such time that the subtracted value (TRQLMTST( n _-|) - DTTRQLMT) reaches a target 
torque limiting value (a predetermined limit torque) TGTRQLMT. Conversely, when the specified condition of step 104 

25 that the regenerative torque is held at a torque level less than or equal to the predetermined value for the predetermined 
time period is satisfied, the ECU 20 determines that the engine 1 is in the complete-explosion state. Thus, the routine 
proceeds from step 1 04 to step 1 07. At step 1 07, the complete-explosion indicative flag fKANBAKU is set at "1 ". There- 
after, at step 108, an addition operation for the initial value TRQLMTST of the regenerative torque limiter begins. The 
addition operation for the initial value TRQLMTST of the regenerative torque limiter is repeatedly executed as time-trig- 
so gered interrupt routines to be triggered every predetermined time intervals such as 1 0 milliseconds. The addition oper- 
ation is executed by adding a predetermined value DLTLMTP to the previous value TRQLMTST^) of the initial value 
of the regenerative torque limiter, until such time that the sum (TRQLMTST^) + DLTLMTP) reaches a predetermined 
maximum value (a predetermined upper limit) TGTRQMAX. That is to say, as clearly shown in Fig. 8, the arithmetic- 
calculation for the initial value TRQLMTST of the regenerative torque limiter is initiated upon initiation of the motoring 

35 operation of the motor generator 2. From a timing when the engine 1 begins to produce the previously-discussed 
"engine combustion torque", that is, upon expiration of the time delay (TIMEFCBN) represented by the delay timer, the 
initial value TRQLMTST of the regenerative torque limiter begins to reduce, and then reduces to the target value 
TGTRQLMT at a predetermined time rate of change -DTTRQLMT/1 0 milliseconds, until such time that the subtracted 
value (TRQLMTST( n .-|) - DTTRQLMT) reaches the target value TGTRQLMT. After this, the initial value TRQLMTST of 

40 the regenerative torque limiter is limited to the target value TGTRQLMT for the predetermined time period, until such 
time that the complete-explosion state is detected or determined, that is, the complete-explosion indicative flag fKAN- 
BAKU is set (see the flow from step 1 04 via step 1 07 to step 1 08 or the flow from step 1 05 to step 1 08). After detection 
of the complete-explosion state of the engine 1 , the limiting action of the regenerative torque limiter is released, that is, 
the previously-noted addition operation for the initial value TRQLMTST is initiated. As appreciated from the right-hand 

45 side of the timing chart shown in Fig. 8, according to the addition operation, the initial value TRQLMTST increases up 
to the predetermined maximum value TGTRQMAX at a predetermined time rate of change +DLTLMTP/1 0 milliseconds, 
until such time that the sum (TRQLMTST( n _-|) + DLTLMTP) reaches the predetermined maximum value TGTRQMAX. 
At each cycle, data obtained through the arithmetic-calculation of steps 1 1 1 and 1 12, the subtraction operation of step 
106, and the addition operation of step 108 are sent into the start-up control unit 10, only when the accelerator pedal 

so 1 7 is depressed. These arithmetic operations are performed by using a positive value. Actually, the regenerative torque 
is handled as a negative value. For this reason, the calculated value of the initial value TRQLMTST of the regenerative 
torque limiter is converted from positive to negative. Actually, a signal data indicative of the initial value (-TRQLMTST) 
converted to negative is sent from the output interface of the ECU 20 into the start-up control unit 10. 
[001 3] With the previously-described arrangement, when the brake pedal 1 6 is released from the automatic engine- 

55 stop state and the accelerator pedal 17 remains undepressed, the motor generator 2 is driven or energized to initiate 
the motoring mode of the motor generator, and thus the engine 1 is rotated or cranked by the motoring torque (corre- 
sponding to the rated torque, i.e., the maximum torque of 90 Nm) produced by the motor generator 2 being in the power- 
running state (see the time T1 of timing charts shown in Figs. 9A - 9C). When the operating mode of the motor gener- 
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ator 2 is shifted from the torque control to the motor-generator rotational speed control (see the rapid torque-drop point 
from the rated torque of 90Nm), the motor-generator rotational speed control is initiated by setting a desired rotational 
speed (a desired engine speed) at a predetermined idle speed. A fuel-injection operation is initiated to produce engine 
torque (combustion torque) upon expiration of the time delay (corresponding to the developmental time for negative 

5 pressure (boost) in the intake pipe), that is, when the rotational speed of the motor generator 2 (the rotational speed of 
the engine crankshaft) reaches the predetermined idle speed such as 800 rpm (see the time T3 of timing charts shown 
in Figs. 9A - 9C). As soon as the engine torque (combustion torque) is produced owing to fuel injection and thus begins 
to develop after the time T3, the motor torque of the motor generator 2 begins to reduce due to the motor-generator 
rotational speed control, and then the motor generator 2 is switched to the regenerative state. After the time T3, the sys- 

io tern thus performs energy regeneration (engine-torque regeneration). As discussed above, according to the automatic 
stop-restart control routine shown in Figs. 3A - 3B cooperating with the regenerative torque limiter control shown in Fig. 
4, when the brake pedal 16 is released from the automatic engine-stop state and the accelerator pedal 17 remains 
undepressed, the engine speed rises smoothly and then is held at as close as possible to the predetermined idle speed, 
as shown in Fig. 9C. After the time T3 (after initiation of fuel-injection and spark-plug firing), when the regenerative 

15 torque of the motor generator 2 is held below the predetermined low value for the predetermined time period, the ECU 
20 determines that the complete-explosion condition is satisfied (see the flow from step 1 04 to step 1 07), and thus the 
automatic engine-restart mode terminates. However, after the time T3 (initiation of fuel injection) if engine torque is not 
produced owing to misfiring or smoking of the engine 1 , the motor generator 2 is re-driven or re-energized by way of the 
motor-generator rotational speed control (see the flow from step 25 to step 26), such that the engine speed is adjusted 

20 or brought closer to the predetermined idle speed. Therefore, even when the occurrence of the engine torque (combus- 
tion torque) is delayed, that is, even in the presence of engine misfiring, there is no risk of stalling the engine by virtue 
of the motor-generator rotational speed control according to which the value of the controlled variable is brought closer 
to a desired engine speed (a predetermined idle speed such as 800 rpm), and thus a proper creep torque (a proper 
creep force) can be maintained. 

25 [0014] On the other hand, when the brake pedal 16 is released from the automatic engine-stop state and then the 
accelerator pedal 17 is depressed, first of all, the motor generator 2 is driven or energized to produce the motoring 
torque of the motor generator 2 set at the rated torque (the maximum torque of 90Nm) according to the torque control. 
Thereafter, the motor-generator rotational speed control is started (see a rapid torque-drop point of timing charts shown 
in Figs. 10A - 10C), setting the desired motor-generator rotational speed to the predetermined idle speed such as 800 

30 rpm. In Fig. 10A, the uppermost polygonal line indicates an actual throttle opening, while the lowermost polygonal line 
TVO indicates a target throttle valve opening. At the time T3, the accelerator pedal is depressed. At the same time as 
depression of the accelerator pedal 17, the fuel-injection operation is initiated (see the flow from step 25 through steps 
33 and 34 to step 36 at the time T3 of timing charts shown in Figs. 1 0A - 1 0C), and then the regenerative torque limiter 
for the motor generator 2 is set at the time T3 of Fig. 10B. The operation of the regenerative torque limiter is based on 

35 at least the motoring time TISTPOF, preferably both the engine stop time TISTPON (counted from initiation of the fuel 
cutoff operation by which the engine is automatically stopped) and the motoring time TISTPOF (counted from initiation 
of the motoring operation of the motor generator 2). However, from the viewpoint of reduced memory capacity of the 
computer within the ECU, it is advantageous to obtain the initial value TRQLMTST of the regenerative torque limiter as 
a function of only the motoring time TISTPOF. Furthermore, in order to more precisely set the initial value (TRQLMTST) 

40 of the regenerative torque limiter it is preferable to use information regarding a negative pressure (boost) in the intake 
pipe, sensed by an intake-air pressure sensor such as an intake manifold pressure sensor. As the engine stop time 
TISTPON becomes longer and the motoring time TISTPOF becomes shorter, the initial value TRQLMTST of the regen- 
erative torque limiter is set at a greater value, to effectively absorb excessive engine torque, arising from a large amount 
of excess air (because there is almost no development of the negative pressure (boost) when the accelerator pedal 17 

45 is depressed soon after releasing the brakes). That is, when the fuel-injection operation is initiated (see the timing chart 
shown in Fig. 1 0A near the time T3) and thus the engine 1 produces the previously- noted "engine combustion torque" 
upon depression of the accelerator pedal 17, the operating mode of the motor generator 2 is shifted from the motoring 
mode to the regenerative mode (see a rapid drop in motor torque just after the time T3 of the timing chart shown in Fig. 
10B), by virtue of the motor-generator rotational speed control. Thus, part of excessive engine torque is effectively 

50 absorbed by energy-regeneration operation of the motor generator 2. The degree of the absorbed torque (regenerative 
torque) can be properly controlled to a desired value and limited to a controllable specified torque level, by means of 
the regenerative torque limiter incorporated in the system of the embodiment (see Fig. 8). In this case, before the 
engine 1 produces the "engine combustion torque", that is, the time period from T1 to T3, the motor generator 2 is in its 
power running state without undergoing any torque limiting action of the regenerative torque limiter. As soon as the 

55 engine 1 begins to produce the "engine combustion torque", the operating mode of the motor generator 2 is shifted from 
the power running mode to the regenerative mode (see the time T3). Additionally, after the time T3, the regenerative 
torque of the motor generator 2 is properly controlled or limited by means of the regenerative torque limiter incorporated 
in the system of the embodiment, so that the regenerative torque of the motor generator 2 is brought closer to the initial 
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value (TRQLMTST) of the regenerative torque limiter which initial value is updated at each cycle of the regenerative 
torque limiter control routine shown in Fig. 4. In more detail, as seen in Fig. 8, after initial setting of the initial value 
(TRQLMTST) of the regenerative torque limiter, the initial value TRQLMTST is decreased gradually to the predeter- 
mined low value at the predetermined time rate of change (-DTTRQLMT/1 0 milliseconds). As shown in Figs. 1 0A - 1 0C, 

5 after initial setting of the initial value (TRQLMTST) of the regenerative torque limiter, the amount of engine torque (com- 
bustion torque) to be absorbed by the motor generator 2 in the regenerative state can be decreasingly controlled (see 
the lower hatched overshoot torque area of Fig. 10B). For instance, with no regenerative-torque limiting action, the 
motor generator 2 (in the regenerative state) may operate to absorb almost all of the combustion torque except a part 
of the combustion torque required to maintain an engine idling operation. In presence of the regenerative-torque limiting 

io action performed by the regenerative torque limiter of the system of the embodiment, that is, by way of the initial setting 
of the initial value (TRQLIMST) and the subsequent subtracting operation of the initial value (TRQLIMST), only the 
excessive engine torque (only the excessive combustion torque) can be effectively absorbed. In this manner, the motor 
torque (regenerative torque) of the motor generator 2 is properly limited to the target torque limiting value to absorb only 
the undesired excessive engine combustion torque. Therefore, after the time T3, the engine speed begins to gradually 

75 increase from the predetermined idle speed toward a desired engine speed due to the re generative -torque limiting 
action, while executing the motor-generator rotational speed control that the value of the controlled variable is brought 
closer to a desired engine speed (a predetermined idle speed such as 800 rpm). Therefore, assuming that engine 
torque is not produced owing to misfiring or smoking of the engine 1 after the accelerator pedal is depressed during the 
automatic engine-restart operating mode, that is, after the time T3, the motor generator 2 can be re-driven or re-ener- 

20 gized by way of the motor-generator rotational speed control (see the flow from step 25 through step 33 to step 34), 
such that the engine speed is adjusted or brought closer to the predetermined idle speed. Therefore, even when the 
occurrence of the engine torque (combustion torque) is delayed, that is, even in the presence of engine misfiring, there 
is no risk of stalling the engine by virtue of the motor-generator rotational speed control. Thereafter, when the motor 
torque (the regenerative torque) of the motor generator 2 is maintained below the predetermined low value for the pre- 

25 determined time period, the ECU 20 determines that the complete-explosion condition is satisfied (see the right-hand 
arrow marked as "COMPLETE-EXPLOSION DECISION" of Fig. 10B). At this time, the automatic engine-restart mode 
terminates. Although it is not clearly shown in Fig. 10B, after detection of the "complete-explosion" state of the engine 
1, the regenerative torque limiter is released by repeatedly executing the previously-discussed addition operation so 
that such that the predetermined value DLTLMTP is added to the previous value TRQLMTST( n _-|) of the initial value of 

3 o the regenerative torque limiter, until such time that the sum (TRQLMTST^.-i) + DLTLMTP) reaches the predetermined 
upper limit TGTRQMAX. At the same time, the control mode of the motor generator 2 is switched from the motor-gen- 
erator rotational speed control mode to the motor torque control, so that the motor torque of the motor generator 2 is 
brought closer to a desired value, such as a predetermined low value such as "0". 

[001 5] As described above, in the system of the embodiment, the regenerative torque limiter is set to effectively rea- 
35 sonably absorb excessive engine torque, accounting for the developing state of the negative pressure (boost) in the 
intake pipe. When the accelerator pedal 1 7 is depressed at once after the releasing operation of the brake pedal 1 6, the 
system of the embodiment operates to suitably absorb the overshoot torque (see the lower hatched overshoot torque 
area of Fig. 10B). Thus, as appreciated from the smooth engine-torque rise obtained after the time T3 shown in Fig. 
1 0B as well as the smooth rise in engine speed obtained after the time T3 shown in Fig. 1 0C, the system can smoothly 
40 rise up the driving force (or driving torque) during the vehicle start-up period. For the reasons set out above, during the 
vehicle start-up period with the motoring operation from the engine stopped state, the system of the embodiment can 
provide almost the same accelerating force and accelerating feel as during the vehicle start-up period from the engine 
idling state, thus improving handling. 

[001 6] In the shown embodiment, after initial setting of the initial value (TRQLMTST) of the regenerative torque, the 
45 initially set value is designed to be reduced at the predetermined time rate of change -DTTRQLMT/10 milliseconds. The 
time rate of change in the initial value (TRQLMTST) may be varied depending on the negative pressure in the intake 
pipe (simply, intake pressure). In order to more effectively precisely absorb excessive engine torque after the occur- 
rence of engine combustion torque, the higher the intake pressure (the absolute value), the lower the time rate of 
change in the initial value (TRQLMTST). Conversely, the lower the intake pressure (the absolute value), the higher the 
so time rate of change in the initial value (TRQLMTST). 

[0017] Furthermore, in the system of the embodiment, when the regenerative torque of the motor generator 2 is 
maintained below a predetermined low value, for example "0" or a predetermined value close to "0" for a predetermined 
time period, the ECU 20 determines that the complete-explosion condition is satisfied. Alternatively, when the acceler- 
ator pedal is in the depressed state, and such a condition that the regenerative torque of the motor generator 2 is con- 
55 tinually limited to a controllable specified torque level of the regenerative torque limiter continues for a predetermined 
time period, the ECU 20 may determine that the complete-explosion condition is satisfied. In lieu thereof, when the 
number of combustion cycles of the engine 1 reaches a predetermined number, the ECU 20 may determines that the 
complete-explosion condition is satisfied. Moreover, in order to smoothly restart the vehicle from the engine stopped 
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state by virtue of an increased accelerating force, the initial value TRQLMTST (an initial set value) of the regenerative 
torque limiter may be set at a smaller value during its initial setting period. This enhances an accelerating ability from 
standstill. 

[0018] Figs. 11, 12, and 14 show another subtraction operations for the regenerative torque limiter, executable 

5 instead of the subtraction step 106 of Fig. 4. 

[0019] Referring now to Fig. 11, there is shown the subtraction routine for the initial value (TRQLMTST) for the 
regenerative torque limiter, executed by the system of the second embodiment. At step 201 , engine load TP (estimated 
by an intake-air quantity substantially corresponding to a manipulated variable or an operating amount of the accelera- 
tor pedal 17) is read. At step 202, a decay time DTDLMT, which is required to decay or reduce the initial set value 

10 TRQLMTST of the regenerative torque limiter to below a target torque limiting value (a predetermined limit torque) 
TGTRQLMT, is arithmetically calculated or map-retrieved from a predetermined characteristic map indicated in step 
202, showing how the decay time DTDLMT has to be varied relative to the engine load TP. Then, at step 203, a decay 
step rate (or a subtraction step rate) DTTRQLMT is arithmetically calculated on the basis of the current value 
TRQLMTST^ (simply, TRQLMTST) of the initial value of the regenerative torque limiter, the target torque limiting value 

15 TGTRQLMT, and the decay time DTDLMT, from the following expression. 

DTTRQLMT = (TRQLMTST - TGTRQLMT)/DTDLMT 

At step 204, the subtraction operation for the regenerative torque limiter is executed at each execution cycle (triggered 
20 each predetermined time interval such as 1 0 milliseconds). According to the subtraction operation of step 204, the cur- 
rent value TRQLMTST^ (simply, TRQLMTST) of the initial value of the regenerative torque limiter is obtained by sub- 
tracting the product (DTTRQLMTxTJOB#) of the decay step rate DTTRQLMT and the execution time interval (TJOB# 
= 1 0 milliseconds) from the previous value TRQLMTST( n _-|) of the initial value of the regenerative torque limiter, as fol- 
lows. 

25 

TRQLMTST (n) = TRQLMTST (n . 1} - DTTRQLMTxTJOB# 

At step 205, a comparison check is made to determine whether the current value TRQLMTST( n ) (simply, TRQLMTST) 
of the initial value of the regenerative torque limiter reaches the target torque limiting value TGTRQLMT. At step 206, 
30 the current value TRQLMTST( n ) of the initial value of the regenerative torque limiter is set at the target torque limiting 
value TGTRQLMT. In this manner, as soon as the regenerative torque limiter (TRQLMTST) reaches the target value 
(TGTRQLMT), the subtraction operation ends. 

[0020] Referring now to Fig. 12, there is shown the subtraction routine for the initial value (TRQLMTST) for the 
regenerative torque limiter, executed by the system of the third embodiment. At step 301 , engine load TP (estimated by 

35 an intake-air quantity substantially corresponding to a manipulated variable of the accelerator pedal 1 7) is read. At step 
302, a decay step rate (or a subtraction step rate) DTTRQLMT is arithmetically calculated or map-retrieved from a pre- 
determined characteristic map indicated in step 302, showing how the subtraction step rate DTTRQLMT has to be var- 
ied relative to both the current value TRQLMTST^ (simply, TRQLMTST) of the initial value of the regenerative torque 
limiter and the engine load TP. At step 303, the subtraction operation for the regenerative torque limiter is executed at 

40 each execution cycle (triggered each predetermined time interval such as 1 0 milliseconds). According to the subtraction 
operation of step 303, the current value TRQLMTST( n ) (simply, TRQLMTST) of the initial value of the regenerative 
torque limiter is obtained by subtracting the decay step rate (subtraction step rate) DTTRQLMT from the previous value 
TRQLMTST( n _-|) of the initial value of the regenerative torque limiter, as follows. 

45 TRQLMTST (n) = TRQLMTST (n . 1} - DTTRQLMT 

At step 304, a comparison check is made to determine whether the current value TRQLMTST( n) (simply, TRQLMTST) 
of the initial value of the regenerative torque limiter reaches the target torque limiting value TGTRQLMT. At step 305, 
the current value TRQLMTST( n ) of the initial value of the regenerative torque limiter is set at the target torque limiting 

50 value TGTRQLMT. In this manner, byway of steps 304 and 305, as soon as the limiting value of the regenerative torque 
limiter (TRQLMTST) reaches the target value (TGTRQLMT), the subtraction operation terminates. 
[0021] Fig. 13 is the timing chart showing the subtraction operations shown in Figs. 1 1 and 12. As shown in Fig. 13, 
according to the systems of the second and third embodiments, the subtraction operation for the controllable specified 
torque level (TRQLMTST) of the regenerative torque limiter can be achieved by arithmetically calculating or map- 

55 retrieving the decay step rate DTTRQLMT, utilizing the engine load as a control parameter, and thus enabling a proper 
and precise setting of the regenerative torque limiter responsively to variations in excessive engine torque. 
[0022] Referring now to Fig. 14, there is shown the subtraction routine for the initial value (TRQLMTST) of the 
regenerative torque limiter, executed by the system of the fourth embodiment. According to the system of the fourth 
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embodiment, the subtraction operation for the torque limiter (TRQLMTST) is executed by way of a weighted-average 
method. At step 401 , engine load TP (estimated by an intake-air quantity substantially corresponding to a manipulated 
variable of the accelerator pedal 17) is read. At step 402, a weighted-average coefficient KJLMT (0 ^ KJLMT ^ 1) is 
arithmetically calculated or map-retrieved from a predetermined characteristic map indicated in step 402, showing how 
5 the weighted-average coefficient has to be varied relative to the engine load TP. At step 403, the subtraction setting of 
the regenerative torque limiter (TRQLMTST) is made according to the following expression. 

TRQLMTST (n) = TRQLMTST (n _ 1} x (1 -KJLMT) + TGTRQLMT/KJLMT 

w where TRQLMTST( n ) denotes the current value of the regenerative torque limiter, TRQLMTST( n _i j denotes the previous 
value of the regenerative torque limiter, KJLMT denotes the weighted -average coefficient, and TGTRQLMT denotes the 
target torque limiting value. 

[0023] Fig. 15 is the timing chart showing the subtraction operation executed by the system of the fourth embodi- 
ment shown in Fig. 14. As appreciated from the timing chart of Fig. 15, when the subtraction setting for the regenerative 
15 torque limiter is made by way of a weighted-average method, it is possible to more precisely effectively absorb only the 
overshoot engine torque. 

[0024] In the previously-noted embodiments, the regenerative torque limiter (TRGLMTST) acts to limit the regener- 
ative torque of the motor generator 2 to a controllable specified torque level. Instead of limiting the regenerative torque 
of the motor generator 2, it will be appreciated that overshoot engine combustion torque produced during automatic 
20 engine-restart operating mode may be absorbed by limiting a regenerative electric power to a controllable specified 
torque level. 

[0025] On the other hand, when the brake pedal 1 6 is released and then the accelerator pedal is depressed during 
the automatic engine-restart operating mode, the system requires such a battery ability or battery performance as to 
certainly absorb the previously-noted overshoot engine torque and to smoothly rise up a driving force (driving torque) 

25 during the vehicle start-up period. Of various sorts of batteries, a lead-acid battery does not have a battery capacity 
enough to satisfactorily absorb a large amount of overshoot torque. In case of the use of such a lead-acid battery, there 
is a possibility of excessive heat generation or reduced battery life (early battery deterioration). Therefore, it is more 
desirable to effectively suppress generation of overshoot torque itself during the automatic engine-restart mode. As pre- 
viously described in reference to Fig. 7, the longer the motoring time (corresponding to a time period counted from ini- 

30 tiation of the motoring operation of the motor generator 2, the greater negative pressure (boost) in the intake pipe is 
developed, and therefore the less excess air is held in the intake pipe. For the reasons discussed above, if the acceler- 
ator pedal 1 7 is depressed with a properly controlled (somewhat long) delay time after initiation of the motoring opera- 
tion of the motor generator 2, an amount of engine torque to be absorbed by the motor generator 2 in the regenerative 
state becomes small, because of less excess air in the intake pipe. From such a point of view, it is advantageous to con- 

35 trol or vary an actual throttle opening with a delay time with respect to the timing of depression of the accelerator pedal. 
The system of the invention can also perform the delayed throttle-opening control shown in Fig. 16. 
[0026] Referring now to Fig. 16, there is shown the delayed throttle-opening control routine. In parallel with the auto- 
matic engine stop-restart control routine shown in Figs. 3A and 3B, the delayed throttle-opening control routine of Fig. 
16 is cyclically executed time-triggered interrupt routines to be triggered every predetermined time intervals. As dis- 

40 cussed hereunder, the delayed throttle-opening control of Fig. 1 6 is performed to control the actual opening of the throt- 
tle valve 27 depending basically on the manipulated variable of the accelerator pedal 17 (the accelerator opening). 
[0027] At step 501 , a check is made to determine whether the previously-noted complete-explosion condition is sat- 
isfied. When the answer to step 501 is in the affirmative, that is, the complete-explosion condition is satisfied, the routine 
proceeds to step 502 without executing the delayed throttle-opening control mode. At step 502, a delayed throttle-open- 

45 ing control initiation indicative flag DLYSET is cleared to "0". Then, step 503 occurs. At step 503, the accelerator open- 
ing of the accelerator pedal 1 7, sensed by the sensor 1 5, is read. At step 504, a target throttle valve opening TVO is set 
on the basis of the accelerator opening read at step 503. By way of the flow from step 501 , through steps 502 - 503 to 
step 504, the actual throttle opening of the throttle valve 27 is controlled without delay time, so that the actual throttle 
opening is adjusted toward the target throttle opening TVO. 

so [0028] On the contrary, when the answer to step 501 is negative, that is, the complete-explosion condition is unsat- 
isfied and thus the engine 1 is operating in the automatic engine- restart operating mode, the routine advances from step 
501 to step 505. At step 505, a test is made to determine whether an idle switch (not shown) is turned ON. The idle 
switch is provided to detect an engine idling state. The idle switch is turned ON when the accelerator pedal is unde- 
pressed, and turned OFF when the accelerator pedal is depressed. With the idle switch turned ON, that is, the engine 

55 is in its idling state. In such an idling state, it is unnecessary to initiate the delayed throttle-opening control, and thus the 
routine flows from step 505 via step 503 to step 504, in order to execute the usual throttle-opening control. Conversely, 
when the answer to step 505 is negative, that is, the idle switch is turned OFF and thus the accelerator pedal is 
depressed, the routine proceeds from step 505 through steps 506 and 507 to step 508. At step 506, the accelerator 
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opening is read. At step 507, a target throttle opening is set or determined on the basis of the accelerator opening read 
at step 506. At step 508, a check is made to determine whether the delayed throttle-opening control initiation flag 
DLYSET is set. If the current flow from step 505 through steps 506 and 507 to step 508 is the first time of the delayed 
throttle-opening control routine of Fig. 16, as a matter of course the flag DLYSET is reset (DLYSET = 0), and thus the 

5 procedure flows from step 508 to step 509. At step 509, a delay timer used to retard the output of a target throttle open- 
ing (TVO) command signal, is set to a predetermined delay time T, and at the same time the delayed throttle-opening 
control initiation indicative flag DLYSET is set at "1". Once the flag DLYSET is set, the routine jumps from step 508 to 
step 51 0, bypassing step 509. That is, at the beginning of depression of the accelerator pedal 1 7, the accelerator open- 
ing is detected and the target throttle opening is set based on the accelerator opening detected. The delay time T is 

io arithmetically calculated or map-retrieved from a predetermined characteristic map of Fig. 17, showing how the delay 
time has to be varied relative to at least one of the accelerator opening and the initial value (TRQLMTST) of the regen- 
erative torque limiter. As appreciated from the map shown in Fig. 17, the lower the accelerator opening and/or the 
higher the initial value (TRQLMTST) of the torque limiter, the longer delay time T is set, and therefore it is possible to 
set the delay time T suitable for an actual change in intake-air quantity. Thereafter, at step 510, a check is made to 

15 determine whether the delay time (T) has expired. If the answer to step 510 is in the negative (NO), step 511 occurs. At 
step 511, the output of a command signal representative of the target throttle opening TVO is delayed. Conversely, 
when the ECU determines that the delay time T has expired, the routine flows from step 510 to step 512. At step 512, 
the command signal representative of the target throttle opening TVO is output. In this manner, through steps 510-512, 
the output of the command signal representative of the target throttle opening TVO is retarded until the delay time T has 

20 expired (see the upper polygonal line of the timing chart shown in Fig. 1 8A). In the shown embodiment, the delay time 
T is determined or set based on the accelerator opening detected at the beginning of depression of the accelerator 
pedal 1 7. Actually, the accelerator opening is variable at any time, during the depressing operation of the accelerator. 
Therefore, it is preferable to variably set the delay time T depending on a rate of change in the accelerator opening. 
Referring now to Figs. 18A - 18C, there are shown timing charts explaining as to how overshoot engine torque to be 

25 absorbed by the motor generator 2 is effectively reduced by the delayed throttle-opening control executed simultane- 
ously with depression of the accelerator pedal (see the time T3), during the automatic engine-restart operating mode. 
As can be appreciated from comparison between the lower hatched overshoot torque area of Fig. 10B and the lower 
hatched overshoot torque area of Fig. 18B, in the presence of the delayed throttle-opening control shown in Fig. 16, the 
overshoot torque area is effectively reduced. The reduced overshoot torque area means a decrease in regenerative 

3 o torque to be absorbed by the motor generator 2, and thus ensuring a reduced charging burden of the battery, an 
increased battery life, and improved durability. Also, during the idle-stop operation, the system of the embodiment can 
automatically certainly stop the engine, thus improving fuel economy. 

[0029] The entire contents of Japanese Patent Application Nos. P1 1 -1 31 039 (filed May 1 2, 1 999) and P1 1 -2331 1 3 
(filed August 19, 1999) are incorporated herein by reference. 
35 [0030] While the foregoing is a description of the preferred embodiments carried out the invention, it will be under- 
stood that the invention is not limited to the particular embodiments shown and described herein, but that various 
changes and modifications may be made without departing from the scope or spirit of this invention as defined by the 
following claims. 

40 Claims 

1 . An automatic stop-restart system of an automotive internal combustion engine mated to an automatic transmission 
which uses either one of a torque converter and a start-up clutch for engine torque transmission to axle shafts of 
driven wheels of an automotive vehicle, said system capable of automatically stopping the engine when the vehicle 
45 is in a stopped state, and automatically restarting the engine in a torque-transmission state that an engine torque 

is transmitted to the axle shafts of the driven wheels during a start-up period of the vehicle, comprising: 

a motor generator disposed between the engine and the automatic transmission, and capable of operating in 
a power-running mode to automatically restart the engine by a motoring torque produced by a motoring oper- 
50 ation of the motor generator during the start-up period and operating in a regenerative mode for energy regen- 

eration; 

a sensor sensing a rotational speed of the engine; 

a sensor sensing an amount of depression of an accelerator pedal; and 

a control unit comprising: 

55 

(a) a first control section performing a rotational speed control for the motor generator by setting a desired 
rotational speed at a predetermined idle speed so that the rotational speed of the engine is brought closer 
to the desired rotational speed during an automatic engine-restart operating mode; and 
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(b) a second control section setting a regenerative torque limiter which limits a regenerative torque of the 
motor generator to a controllable specified torque level, while executing the rotational speed control for the 
motor generator when the accelerator pedal is depressed during the automatic engine-restart operating 
mode. 

5 

2. The system as claimed in claim 1 , wherein an initial value of the regenerative torque limiter varies depending on at 
least an elapsed time counted from initiation of the motoring operation of the motor generator. 

3. The system as claimed in claim 1, wherein an initial value of the regenerative torque limiter varies depending on 
w both an elapsed time counted from initiation of the motoring operation of the motor generator, and an engine stop 

time counted from a time when the engine is automatically stopped. 

4. The system as claimed in claim 1 , which further comprises a pressure sensor sensing a pressure level of negative 
pressure in an intake pipe of an induction system of the engine, and wherein an initial value of the regenerative 

15 torque limiter varies depending on the pressure level of negative pressure in the intake pipe. 

5. The system as claimed in claim 1, wherein an initial value of the regenerative torque limiter varies at a predeter- 
mined time rate of change (-DTTRQLMT/1 0 milliseconds) toward a predetermined low value from a time when the 
engine begins to produce a combustion torque. 

20 

6. The system as claimed in claim 1, wherein an initial value of the regenerative torque limiter varies at a predeter- 
mined time rate of change (-DTTRQLMT/1 0 milliseconds) to a predetermined low value with a predetermined delay 
time from a time when the engine begins to produce a combustion torque. 

25 7. The system as claimed in claim 1, wherein an initial value of the regenerative torque limiter varies at a predeter- 
mined time rate of change (-DTTRQLMT/10 milliseconds) to a predetermined low value from a time when the 
regenerative torque of the motor generator begins to be limited to the controllable specified torque level. 

8. The system as claimed in claims 5 or 6, which further comprises a crank angle sensor sensing a crank angle of a 
30 crankshaft of the engine, and wherein said control unit comprises a first decision section (FHINJEX(CYLCS)) deter- 
mining whether fuel is injected into each individual engine cylinder of the engine and a second decision section 
(CYLCS) provided to specify the cylinder number of an engine cylinder being in a compression stroke at a current 
crank angle sensed by the crank angle sensor, and a third decision section (FCYLBRN) provided to estimate, on 
the basis of information from the first and second decision sections, whether an engine cylinder that spark plug fir- 

35 ing is initiated at a next ignition timing will be brought into a combustion stroke, and wherein the time that the engine 
begins to produce the engine combustion torque is determined by a result of decision of the third decision section. 

9. The system as claimed in claim 1 , wherein said control unit comprises a complete-explosion decision section deter- 
mining whether a specified condition indicating that complete explosion occurs in the engine, is satisfied, the com- 

40 plete-explosion decision section determining that the specified condition is satisfied when the accelerator pedal is 
in a depressed state and the regenerative torque of the motor generator is continually limited to the controllable 
specified torque level of the regenerative torque limiter for a predetermined time period or when the number of com- 
bustion cycles of the engine reaches a predetermined number, and a torque control section initiating a torque con- 
trol so that a motor torque of the motor generator is brought closer to a predetermined low value from a time when 

45 the complete-explosion decision section determines that the specified condition is satisfied, instead of the rota- 

tional speed control for the motor generator. 

10. The system as claimed in claim 1 , wherein said control unit comprises a complete-explosion decision section deter- 
mining whether a specified condition indicating that complete explosion occurs in the engine, is satisfied, the com- 

50 plete-explosion decision section determining that the specified condition is satisfied when the accelerator pedal is 
in a depressed state and the regenerative torque of the motor generator is continually limited to the controllable 
specified torque level of the regenerative torque limiter for a predetermined time period or when the number of com- 
bustion cycles of the engine reaches a predetermined number, and a regenerative-torque-limiter releasing section 
releasing the regenerative torque limiter to increase the controllable specified torque level from the predetermined 

55 low value at a predetermined time rate of change (+DLTLMTP/1 0 milliseconds) when the complete-explosion deci- 

sion section determines that the specified condition is satisfied. 

11. The system as claimed in claims 5, 6 or 7, which further comprises a pressure sensor sensing a pressure level of 
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negative pressure in an intake pipe of an induction system of the engine, and wherein the time rate of change (- 
DTTRQLMT/1 0 milliseconds) at which the initial value of the regenerative torque limiter varies to the predetermined 
low value varies depending on the pressure level of negative pressure in the intake pipe. 

5 12. The system as claimed in claim 1 , which further comprises an engine output control device controlling an engine's 
output depending on the amount of depression of the accelerator pedal, and wherein said control unit comprises: 

(c) a delay section delaying an engine's output control operation of the engine output control device with 
respect to such a timing that the accelerator pedal is depressed, during the automatic engine-restart operating 
10 mode. 

13. The system as claimed in claim 12, wherein the engine output control device comprises an electronically-controlled 
throttle valve whose opening is controllable depending on the amount of depression of the accelerator pedal. 

15 1 4. The system as claimed in claim 1 2, wherein said delay section has a predetermined characteristic that a delay time 
of said delay section becomes longer as the amount of depression of the accelerator pedal decreases. 

15. The system as claimed in claims 13 or 14, wherein said delay section has a predetermined characteristic that a 
delay time becomes longer as an initial value of the regenerative torque limiter set by said second control section 
20 increases. 
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